strongly inhibits tobacco-specific nitrosamine 4-(mentylnitrosamino)-1-(3-pyridyl)-1-butanone-induced lung tumorigenesis Green tea polyphenols, major constituents of green tea, are in A/J mice (5,6). Furthermore, GTP was found to protect potent chemopreventive agents in a number of experiagainst 12-O-tetradecanoylphorbol-13-acetate-induced tumor mental models of cancer in animals. The mechanisms of promotion in 7,12-dimethylbenz[a]anthracene-initiated SENcancer protection by these agents are not clear, but may CAR mouse skin (7-9). The protective effects of GTP have involve modulation of the enzyme systems responsible been attributed to the competitive inhibition of enzymes (e.g. for the detoxification of chemical carcinogens. The present cytochromes P-450) involved in the bioactivation of various studies show that a green tea polyphenol extract (GTP) carcinogens (10,11), as well as to antioxidant properties as induces chloramphenicol acetyltransferase (CAT) activity scavengers of reactive oxygen species (12,13). Recently, in human heptoma HepG2 cells transfected with a plasmid several in vivo studies have shown that GTP causes increases construct which contains an antioxidant-responsive element in the activities of Phase II detoxifying enzymes such as (ARE) and a minimal glutathione S-transferase Ya proglutathione S-transferases (GSTs), NAD(P)H:quinone reductmoter linked to the CAT reporter gene. This indicates ases, epoxide hydrolases, and UDP-glucuronosyltransferases that GTP stimulates the transcription of Phase II detoxifying enzymes through the ARE. To explore the upstream (14-16). This suggests that induction of Phase II enzymes may signaling pathways leading to gene expression, we studied also contribute to the established anticarcinogenic properties of the involvement of the mitogen-activated protein kinases GTP, as seen with other potential chemopreventive agents in (MAPKs) extracellular signal-regulated kinase 2 (ERK2) experimental models of cancer (17,18). However, the molecular and c-Jun N-terminal kinase 1 (JNK1). Potent activation mechanisms by which GTP regulates the activities of Phase of ERK2 was seen following treatment of HepG2 cells with II detoxifying enzymes have not yet been elucidated. It is different concentrations of GTP. Similar to ERK2, JNK1
known that 5Ј flanking regions of Phase II genes contain was also strongly activated by treatment with GTP, several cis-acting regulatory elements such as the antioxidantalthough to a lesser extent and in a different dose-dependent responsive element (ARE)/electrophile-reponsive element and fashion. Kinetic studies revealed that GTP activation of xenobiotic-responsive element (XRE)/aromatic hydrocarbon-JNK1 was delayed and sustained, whereas ERK2 activation responsive element, which are thought to mediate the induction was rapid and transient. Furthermore, GTP treatment also of Phase II enzymes by many drugs (19) (20) (21) . In the present increased mRNA levels of the immediate-early genes c-jun studies we addressed the questions of whether GTP transcripand c-fos, as determined by reverse transcriptase-coupled tionally activates Phase II genes through the ARE and what polymerase chain reaction. Taken together, these studies is the potential upstream signaling pathway leading to gene provide insights into the action of GTP and suggest that expression. the stimulation MAPKs may be the potential signaling
To determine the role of the ARE in the induction of Phase pathways utilized by GTP to activate ARE-dependent II enzymes by GTP, we have performed transient transfection genes.
assays in the human heptoma HepG2 cell line, which has been widely used for the in vitro study of Phase II enzyme gene expression. Cells were transfected with a plasmid construct containing an ARE enhancer and a minimal GST Ya promoter Tea is one of the most extensively consumed beverages world linked to the chloramphenicol acetyltransferase (CAT) strucwide. Polyphenol extracts of green tea (GTP*) and its major tural gene, using the calcium phosphate precipitation transfecconstituents, such as (-)-epigallocatechin gallate, have been tion method as previously described by Rushmore et al. (20) . A plasmid expressing β-galactosidase under the control of the saline and lysed with 700 µl lysis buffer (10 mM Tris-HCl, All assays were done in duplicate. Bars, standard error of the mean.
pH 7.1, 50 mM sodium chloride, 30 mM inorganic sodium pyrophosphate, 50 mM sodium fluoride, 100 µM sodium orthovandate, 2 mM iodoacetic acid, 5 µM ZnCl 2 ,1 mM MN] was prepared by dissolving GTP powder in dimethylsulfoxide (DMSO). The final concentration of DMSO in the phenylmethysulfonyl fluoride and 0.5% Triton X-100). Kinase activities in lysates were determined by in vitro culture medium was controlled to Ͻ0.1%. After exposure of the transfected cells to different concentrations of GTP immunocomplex kinase assay, as described previously (32) .
For the assay of JNK1 activity, 10 µg GST-c-Jun (amino acids and to DMSO alone (as control) for 16 h, the cells were harvested and lysed. The protein concentration of lysates was 1-79) fusion protein purified from bacterial lysates with the aid of glutathione-Sepharose beads (Pharmacia Biotech Inc., measured by BioRad Protein Assay (BioRad, CA). CAT activity and β-galactosidase activity were determined as described by Piscataway, NJ) was used as a substrate. Phosphorylated GSTc-Jun was resolved by 10% SDS-PAGE. For assay of ERK2 Gorman et al. (22) . The acetylated products of [ 14 C]chloramphenicol were separated by TLC and quantified using Bioactivity, 10 µg myelin basic protein (MBP; Sigma Chemical Co., St Louis, MO) was used as substrate. The phosphorylated logical Image Analysis (AMBIS Inc., San Diego, CA). All CAT activities were normalized against β-galactosidase activity. As MBP products were resolved by 13% SDS-PAGE. As shown in Figure 2A , GTP stimulated JNK1 activity over a wide range shown in Figure 1 , GTP at a concentration of 25 µg/ml significantly activated the ARE-CAT reporter gene (~2.5-fold of concentrations. Activation of JNK1 occurred at 25 µg/ml and reached maximum at 250 µg/ml (~10-fold induction over increase over the control). Further increasing the concentration of GTP caused a corresponding increase in CAT activity. control). At high concentration of 1 mg/ml, JNK1 activity was still~5-fold greater than basal level. Also, GTP strongly Similar to that observed with GTP, CAT activity was also induced by 40 µM t-butylhydroquinone (tBHQ; Aldrich activated ERK2, but in a different dose-dependent manner ( Figure 2B ). Furthermore, activation of ERK2 was much more Chemical Co., Milwaukee, WI), which has been previously reported to activate Phase II genes exclusively through the pronounced than JNK1 activation. For example,~19-fold ERK2 activation (1 mg/ml GTP) was observed as compared ARE (23) . In a similar experiment in which transfection was performed with a construct containing an XRE linked to the with a maximum of 10-fold JNK1 induction (250 µg/ml GTP).
To further address the activation of MAPKs by GTP, the minimal GST promoter, no induced CAT activity was observed after treatment with GTP (data not shown). Thus, GTP induckinetics of JNK1 and ERK2 were studied. HepG2 cells were exposed to 250 µg/ml GTP for different time periods. JNK1 tion of CAT activity was specifically through the ARE.
Transcriptional activation of the ARE-dependent CAT and ERK2 activities were again determined by in vitro immunocomplex kinase assay. As shown in Figure 3A , JNK1 activity reporter gene implies that GTP may induce Phase II detoxifying enzymes such as GST Ya through the ARE, as reported began to increase at 15 min and gradually reached a maximum by 2 h after GTP treatment, then slowly decreased. By 4 h previously for some other potent chemopreventive agents, including phenolic antioxidants (24, 25) . However, this also after GTP exposure, JNK1 activity was still much higher than the basal level. In the case of ERK2, activation was rapid raises important questions regarding the mechanism of signal transduction, i.e. how does GTP activate transcription factors and transient, maximal ERK2 activity being achieved within 15 min and sustained for 2 h, thereafter rapidly decreasing was performed with anti-JNK1 or anti-ERK2 antibody, no changes in the protein levels of JNK1 or ERK2 occurred ( Figure 3B ). Thus, ERK2 showed different kinetics of activation as compared with JNK1. When Western blotting analysis throughout the kinetic studies, indicating that activation of JNK1 and ERK2 resulted from phosphorylation of pre-existing kinase molecules instead of de novo protein synthesis (data not shown). Activation of MAPKs can result in phosphorylation of many cytosolic as well as nuclear subtrates, ultimately leading to changes in gene expression (33) . For example, activated ERKs directly phosphorylate p62 TCF /Elk-1 and stimulate ternary complex formation at the c-fos promotor, leading to induction of c-fos. The JNKs, on the other hand, phosphorylate c-jun and ATF2 and are also capable of phosphorylation and activation of p62 TCF /Elk-1. Activation of JNKs would result in the induction of both c-jun and c-fos. Thus, it is conceivable that GTP, which activates both JNK1 and ERK2, may also be able to induce transcription of these immediate-early genes. To test this hypothesis, we examined the increase in mRNA levels of c-jun, c-fos and c-myc using reverse transcriptase-coupled polymerase chain reaction (RT-PCR), with β 2 -mcroglobulin as internal control. HepG2 cells were treated with 250 µg/ml GTP for different time periods. Total RNA was isolated with Trizol regent (Gibco BRL) and cDNA was synthesized using a Superscript Pre-amplification System (Gibco BRL) as described in the manufacturer's manual. Quantitative PCR was performed using the oligonucleotide primers specific for c-jun (5Ј-ACG ACC TTC TAT GAC GAT GC-3Ј, sense strand; 5Ј-CCG TTG CGT GAC TGG ATT AT-3Ј, antisense strand; expected product size 238 bp), c-fos (5Ј-ATC TCG ACC AGT CCG GA-3Ј, sense strand; 5Ј-TCC TGC CAA TGC TCT GC-3Ј, antisense strand; expected product size 177 bp) and c-myc (5Ј-TGA CCT CGA CTA CGA CT-3Ј, sense strand; 5Ј-CGC AGA TGA AAC TCT GG-3Ј, antisense strand; expected product size 316 bp). Oligonucleotide primers used for β 2 -microglobulin cDNA have been described elsewhere (34) . Each cycle of PCR consisted of denaturation at 94°C for 30 s, caused a significant increase in mRNA level of c-fos in a pattern similar to that observed for c-jun, with maximal induction of~3-fold over control. However, a rapid decline incidence observed among those people who drink tea in their daily life (37) . in c-fos mRNA was seen after peaking at 2 h. In the case of c-myc, mRNA induction was not substantial.
A major finding of the present study is that GTP simultaneously activates both ERK2 and JNK1, two major classes of Epidemiological studies as well as a plethora of studies in various animal models have established unequivocally that the MAPK family. However, the induction of these two kinases over a wide range of GTP concentrations leads one to consider diet can influence the incidence of diseases such as cancer. This is accomplished by modulation of the enzyme systems the possibility that this might be the consequence of cytotoxic effects of GTP. In order to clarify this issue, we have measured responsible for metabolic activation or deactivation of chemical carcinogens (35) . Phenolic extracts from green tea and a green cytotoxicity levels of GTP in culture using the trypan blue exclusion method. No cytotoxicity of GTP was observed at tea infusion have been shown to possess anticarcinogenic properties against various carcinogens. Since green tea is one concentrations which activated JNK and ERK. Even at the high concentration of 1 mg/ml GTP, only a trace cytotoxic of the most extensively consumed beverages, understanding the chemopreventive mechanism of green tea would be of effect (Ͻ10%) was detected. In a similar experiment in which hydroquinone was used much higher cytotoxicity than GTP particular interest. In the present study we have demonstrated that GTP transcriptionally activates an ARE-CAT reporter was observed at comparable concentrations, but hydroquinone did not, or to a much lesser extent, activate ERK or JNK. gene in a dose-dependent fashion. Furthermore, the GTP concentrations used here in vitro are readily achievable in vivo Thus, activation of ERK and JNK is a specific response brought about by GTP. Consistent with this result, we recently by daily consumption of hot green tea (36) . Therefore, the present results, at least in part, may account for the increase found that phenethyl isothiocyanate, which has been previously demonstrated by us to activate JNK but not ERK in HeLa in Phase II enzyme activity leading to the decreased cancer by signals involved in proliferation, differentiation, functional activation and the stress response (for reviews see 26, 28, 38) .
References Activation of MAPKs may therefore mediate many or even opposite cellular processes and the specific outcome of these Moreover, we (unpublished data) and others (27) 
